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INTRODUCTION 


It is a generally accepted opinion that cows with a large yield of 
milk produce a smaller percentage of fat than do cows with a small yield 
of milk. Stated in another way, it is thought that low-yielding cows 
produce a higher percentage of fat than that produced by high-yielding 
cows. 

To what extent this is true or not true has not up to the present time 
been demonstrated by a careful statistical investigation. Wilson * from 
a study of the records of 2,866 Ayrshire cows concluded that quantity 
and quality (yield of milk and percentage of fat) were independent of 
each other. He states: 

If we group together all the low-yielding cows, and find their milk invariably high 
in quality, we may infer that low yield and high quality are of the nature of concomi- 
tant variations. If we group the high-yielding cows together, and find their milk 
invariably of low quality, we may infer that high yield and low quality run together. 
But if we take these groups and any other groups we can form, and find that the 
quality varies the same way in them all—that is that there are low qualities, high 
qualities, and medium qualities in every one of them—then we are justified in inferring 
that the quantity and quality of the milk are independent of each other. And this 
is what we do find. 

In a criticism of this work Pearson,* by means of a correlation table, 
showed that there was a small but significant decrease in the percentage 
of fat with an increase in the yield of milk, and pointed out the fallacy of 
such a process of reasoning in connection with statistical data. 


1 Paper No. 5 from the Laboratory of Genetics, Agricultural Experiment Station of the University 
of Illinois. 

2 Wison, James. THE SEPARATE INHERITANCE OF QUANTITY AND QUALITY IN COWS’ MILK. In Sci. 
Proc. Roy. Dublin Soc., n. s., v. 12, no. 33, Pp. 470-479, 6 diagr. 1910. 

? PARSON, Karl. NOTE ON THE SEPARATE INHERITANCE OF QUANTITY AND QUALITY IN COWS’ MILK. 
In Biometrika, v. 7, No. 4, p. 548-550. 1910. 
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Wilson did not handle his data in such a way as to bring out the rela- 
tionship which exists between the quantity and quality. In “The 
Principles of Stock-Breeding,’”’ Wilson + again writes: 

In connection with yield and quality in milk, it has been assumed, frequently, 
that the two characters are interdependent: that when the one is high the other must 
be low. It has been found that this is not so. The characters are independent and 
have no effective influence upon each other. High quality of milk is found among 
cows giving all kinds of yield, and low quality is found similarly. 

It seemed to the writer that it might be of some value to make a more 
careful statistical investigation of this question with our American 
cattle. 

SOURCE OF DATA 


In the registers of the different American associations is to be found a 
large body of data which furnished the major part of the material for 
this investigation. There are involved in this study the following: 
2,141 yearly tests of Jerseys, Register of Merit, 1911, 1913; 3,564 
Guernseys, Guernsey Breeders’ Journal, May, 1915; 1,925 Holstein- 
Friesians, Holstein-Friesian Advanced Register Year Book, volumes 
21-26; 1,091 Ayrshires, Year Book of the Ayrshire Breeders’ Association, 
1907, I9II, 1913, 1914; 98 Ayrshires?; 750 grade Jerseys* and 341 
grade Holstein-Friesians *; and 2,002 * yearly tests of cows unclassified 
as to breed. 

Only the yearly tests were used for the reason that a yearly record is 
a more reliable criterion of a cow’s performance and ability than a shorter 
test. It should be pointed out here, that in the case of the records from 
the associations, selected groups of individuals are involved in this 
study, since only selected individuals are subject to entry in the registers 
of the associations. 

The method of finding the relation between the percentage of fat and 
the yield of milk is by means of the correlation table. The cows are 
grouped, according to age when the test began, into the following groups: 
2 to 3 years, 3 to 4 years, 4 to 5 years, and 5 years and over. The last 
group comprises what are usually held to be mature cows. These are 
not exact divisions according to age, since a given group may contain 
individuals differinginage byalmosta year. For example, the 3-to-4-year 
group contains those cows with tests beginning at some time after they 
were 3 and before they were 4 years old. A cow with a test beginning 
the day she was 3. would be practically a year younger than one having 
a test starting when she was one day under 4, though both would be 
classed in the same group. Of course, there are few cases of this kind. 

1 WILSON, James. THE PRINCIPLES OF STOCK-BREEDING. Pp. 121-122. London, 1912. 
2 Furnished by Mr. C. M. Winslow, Secretary of the Ayrshire Breeders’ Association. 


3? Obtained from Mr. W. W. Yapp, Illinois Agricultural Experiment Station. 
4 Obtained from Prof. W. J. Fraser, Illinois Agricultural Experiment Station. 
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POSSIBLE SOURCES OF ERROR 


In some of the breeds, Jersey and Guernsey, a yearly test consists of 
any 365 consecutive days. This may cover parts of two lactation 
periods, which is not a serious objection, since the study is interested in the 
relation between the percentage of butter fat and yield of milk in groups 
of individuals and not in the individual herself. In other words, the 
question is to what extent, if any, do cows with large milk yield tend to 
show a low percentage of fat, or cows with a low milk yield to show a 
high percentage. The Ayrshire Association specifies both the amount of 
milk and butter fat necessary forentrance. In the other associations only 
the butter-fat yield is specified. Unless the requirements of the Ayrshire 
Association are in accordance with the natural relation of butter-fat and 
milk yield, one would expect to find abnormal results in such a selected 
group, which would not hold for Ayrshire cattle in general. This point 
will be treated more fully later in this paper. For the grade Jerseys, 
grade Holstein-Friesians, and cows unclassified as to breed, it should be 
pointed out that the populations are composed of a heterogeneous lot, 
and whatever results are found will apply only to such mixed popu- 
lations. 

ANALYSIS OF DATA 


JERSEY 


Tables I to IV show, in the form of correlation tables, the distri- 
bution of individuals with regard to the yield of milk and the percentage 
of fat. Table V contains all the tests of Jerseys regardless of age and 
was made by combining Tables Ito IV. ‘Text Table A summarizes the 
means, standard deviations, coefficients of variability of milk and fat, 
and the correlation between the percentage of fat and the yield for 
Jerseys of different ages, and for Jerseys, irrespective of age. 


TaBLeE A.—Summary of results from a study of the correlation between the percentage of 
Jat and yield of milk for Jerseys 


[Fat in percentage; milk in pounds] 


Num- Coefficient 

Age. abet. oa dvpe of Mean. eenee of Hag Correlation. 

Years ’ 
ato essccseef Bon Aran] OME ete ee | MSS Et Sg | 19624033 Nh 9 stot a. on0 
304i... Beet |e saith song |, Se ota oes | ented tno credew 
Co 219 Wrat 10] AS. donk daa. | TS eiSast Ge cay | See 5S }-e-aspso om 
5 and over...... 634 afi aks Winseoty obs Py see See eye }-0.397:0.023 
All ages... Sytae AFati soli) 1g soa soos |e guste eidoy | Bae 2S lt-o- sate. ons 
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The correlation is negative and very significant for all ages. When 
judged by their probable errors, there are no significant differences among 
the correlations for the different groups. 

The milk yield increases from an average of 6,475 pounds for the 2-to- 
3-year-old class to 8,814.5 pounds for the mature class (fig. 1). Since 
there is a marked 
negative correlation 
between the percent- 
age of fat and yield 
at all ages, one might 
look for the percent- 
age of fat to decrease 
as the yield of milk 
increases with the age 
of the cows. The 
class which is 5 years 
and over shows a 
slightly smaller per- 
as ES = Sic centage of fat, but 

ace (VERS) the 4-to-5- year-old 


Fic. 1.—Graphs showing the averages of the milk yield for the different class has a hi gher 
ages of cows. 
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percentage than the 
3-to-4-year-old class, though the difference is not significant (fig. 2). 
On the whole, the percentage remains practically the same. This may 
be due to the relatively stable relation between the amount of fat and 
yield throughout the growing period of the individual cow. Holdaway? 
found this to be true for Holstein-Friesians, using the 7-day records. 
Stated in another way, 
the percentage of fat 
seems to be fairly con- 
stant throughout the 
life of a given individ- 
ual, but different indi- 
viduals show differing 
percentages of fat. 
~The results show that 
at a given age cows 


with a high milk yield eae ae aon(vEang) S SAND OVER 


tend to pro duce qa Fic. 2.—Graphs showing the averages of percentages of butter fat for 
different breeds of cows. 


PERCETAGE OF FAT 


lower percentage of 
fat than do cows with a low milk yield. This is expressed by the nega- 
tive correlations obtained. Table B illustrates in another way that this 
is true. ‘This table is the result of arbitrarily dividing Table II into 
three parts, cows yielding 4,500 to 6,500, those yielding 7,000 to 9,000, 


1 Hoipaway, C. W. STATISTICAL WEIGHTING FOR AGE OF ADVANCED REGISTRY cows. Jn Amer, 
Nat., v. 50, no. 599, p. 676-687, 2 fig. 1916. 
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and those yielding 9,500 to 13,000 pounds of milk, and finding the aver- 
age yield of milk and percentage of fat. The decrease from 5.657 per 
cent for the first group to 4.941 per cent for the third group is very sig- 
nificant. Any group of cows showing a negative correlation between 
percentage of fat and yield of milk would give, in general, the same 
results if treated as was Table II. 


TaBLeE B.—Mzlk yield and percentage of butter fat of Jerseys 3 to 4 years of age 


: Extremes of milk Average milk Average per- 
Number of animals. eed in aiald, centage of fat. 
* Pounds. Pounds. 
TES WN eee 1s = 4, 500- 6, 500 6, 049. 3 5.657 
ADORE Scales sare 7, 000— Q, 000 7 OMT 3 5. 307 
Zia) Rlakeyenes eye ane Q, 500-13, 000 IO, 307.7 4. 941 
GUERNSEY 


Tables VI to IX show the distribution of individuals with regard to 
the yield of milk and the percentage of butter fat, in the form of correla- 
tion tables. Table X combines Tables. VI to IX. Table C gives 
the means, standard deviations, coefficients of variability of milk and fat, 
and the correlation between the percentage of fat and yield of milk for 
Guernseys of different ages. 


TasLe C.—Summary of resulis from a study of the correlation between the percentage 
of fat and yield of milk for Guernseys 


[Fat in percentage; milk in pounds] 


Nurn- . 
Age Pe of ype a Mean. pica, ae is Correlation. 
antes variability. 
Years p 
2103. eres cen he ceca cicas | Pe ace oles 0g, cena one aang 
3804... Bena cise Bias, 1 Ok ae as Pee ape ied 
4105. cerseees 48 ve Dials Eiclendalh & pal qoute Ske | opssceacon p TSO eA 
sand over. .... Bete adn ecetons (So yee coy | Gere oo Pease 
All ages... rer eee eee PE ie a fea “oateolcs oo eter 


The correlation coefficients are negative as in the case of the Jerseys, 
but slightly smaller. For the Jerseys they range from —0.359+0.040 to 
— 0.437 +0.027, while for the Guernseys the range is from — 0.25140. O17 
to —0.337+0.018. ‘The yield of milk gradually increases from an aver- 
age of 7,608 pounds for the 2-to-3-year-old class to 9,893 for the group 
which is 5 years and over. The average percentage of fat varies from 
4.956+0.010 for the group which is 5 years and over to 5.08040.013 for 
the 3-to-4-year-old class. (See fig. 2.) 
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HOLSTEIN-FRIESIAN 


Tables XI to XIV exhibit the distributions of individuals with regard 
to the yield of milk and the percentage of fat in the form of correlation 
tables. Table XV combines Tables XI to XIV. ‘Table D summarizes 
the means, standard deviations, coefficients of variability for milk and 
fat, and the correlations between percentage of fat and yield for Hol- 
stein-Friesians of different ages. 


TaBLE D.—Summary of results from a study of the correlation between the percentage of 


fat and yield of milk for Holstein-Friesians 


[Fat in percentage; milk in pounds] 


Age bexet Type of Mean laclepded mes Correlation. 
mals \ 

Years : 
aitorsrarscnscen 610 ee es as Cues oe, coed saan ge ae \—c. 116:b0. 027 
OES, sm Heae cl sass co |? eat ecsa| Seen > a 
oe asa iit -| setae ST aboan ag |aasto $879 | 2hask06 beste 
sandover....| 682 {rags 2711) 7G ot 8S bog | 27°58 Sort 016 | “a dato: 43 |} © 250-026 
All ages....... 90d Heat ee ageteleikas |r ellen a og | lene 22 aeemereeee 


The correlations are much smaller for the Holstein-Friesian than for 
They range from — 0.088 +0.039 to —0.160+ 


the two preceding breeds. 
0.036. The first is not significant when judged by the probable error. 
The milk yields increase regularly from 12,488 pounds for the youngest 
class to 16,280 for the oldest. The percentages of fat remain practically 
constant for the different ages. (See fig. 2.) ‘ 


AYRSHIRE 


Tables XVI to XIX are correlation tables for the different classes of 
Ayrshires. ‘Table E gives means, standards deviations, coefficients of 
variability for milk and fat, and the correlations between percentages of 
fat and yield of milk. 


TasLE E.—Summary of results from a study of the correlation between the percentage of 


fat and yield of milk for Ayrshires 


[Fat in percentage; milk in pounds] 


Num- ; 
Age. Sed gor Mean, Standard devia- | Cocficicnt oll Correlations: 
mals. 
Years. 
ae etae axe 343 fhe Sekt as.| Ties, ta «| es Ne cael 
3 10 geese eee eee goa F sec arcs Weise Hees pact be \ 0, oggto.048 
AiLO NS ts oiRetsiapsiels 160 iy Ut eas eo, Seo pp oi . \—o.023:0.055 
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In no one of the four groups classified as to age is there a significant 
correlation, meaning’ that for these classes of individuals studied the 
milk yield and percentage of fat are independent. It is curious that this 
breed should have a different relation existing between fat and milk than 
that of the Jerseys, Guernseys, and Holstein-Friesians. ‘This result is 
probably due to the fact that they are a much more highly selected group 
of individuals than in the case of any of the other breeds, owing to the 
requirements for registry imposed by the Ayrshire Association. The 
minimum requirements are as follows: 


Age. Weight of milk.) Weight of fat. 

Years. Pounds. Pounds. 
2OR I eed ee Se 6, 000 214.3 
BELO Ay eae apehs Inman ates 0. 6, 500 236.0 
UT TOV ES A eke Biennale Mayan 7, 500 279.0 
FIANCHOVER. idaoercee 8, 500 322.0 


This would mean that upon the basis of these specified amounts the 
percentages of fat for the different ages would be as follows: 


EGONGA MESES AEtES) SePOMVes chs tele seats Oak te Ree yes | SNS Jo eure B72 
LOMB CALC Armia ue chars an fasrse stare reh aaa cbauuise eo Nlels in aBies pep anMta em avads 3. 631 
USHEN IS SERIES EG Phe 5 RO DDS Schone OIE: ene eee een ate ome ee 3-720 
ERMC AUSEUOROVERU Mantel eir calcite al slariie\einsianie wisn ais were vole s)he big gra He 3. 788 


A gradual increase in the percentage of fat as the age increases is to 
be noted. This is contrary to what was found to exist for the other 
breeds. For Table XX, constructed from Tables XVI to XIX, a corre- 
lation of —0.138+0.020 is found. This is practically the same corre- 
lation found for the Holstein-Friesian cows. This negative correlation 
resulting from combining the subgroups of Ayrshires is to be expected, 
since there is an increase in the milk yield with age and a decrease in 
the percentage of fat. (See Table E.) It may be that the require- 
ments for entry in the register of the Ayrshire Association tend to elim- 
inate high-yielding cows with a low percentage of fat and low-yielding 
cows with a high percentage of fat. 

The correlation between the yield and percentage of fat for 98 Ayr- 
shire cows which were tested and failed to meet the requirements was 
found t6 be 

¥ = —0.226+0.065. 


A larger number of such tests would be necessary to determine whether 
a difference exists between cows which meet the requirements and those 
which do not. 
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The percentage of butter fat among these 98 tests decreases with age 
as in Table E, as follows: 


Number of Pp ta 
animals. Age. “ol fat. 
Years. 

LO G2 FO sere. ene Dae 
22 UO ey teenie! ae aCe Ris 
AO [A tOne sian mine se OO7. 
37. | sandover...| 3.842 


The work of Speir! shows that there is a slight tendency for the per- 
centage of fat to decrease in Ayrshires after the third year. Both Jer- 
seys and Guernseys of 5 years of age and over show a slight decrease. 
(See Tables A and B.) The mature class of Holstein-Friesian cows, 
however, does not show a decrease (Table C). 


COWS NOT PURE-BRED 


The writer thought it would be of interest to see the extent of correla- 
tion between the yield and percentage of fat in cows not pure-bred. 
Grade Jerseys, grade Holsteins-Friesians, and cows unclassified as to 
breed are considered. 

Tables F, G, and H give the results of the study for the different 
classes in the order given above. 


TABLE F.—Summary of results from a study of the correlation between the percentage of 
fat and yield of milk for grade Jerseys ‘ 


[Fat in percentage; milk in pounds] 


Num- Coefficient 
Type of Standard = 
Age ber of Mean. args of Correlation. 
ales test. deviation. SaeiaGilites 


Years 
ateatdis tt ror 4660 5 ERE 21) nt, cho 1S Eel) eee 
agra eles 155 S958 Te Seid) PS Eee | eee i 
as 146 57 Og eS oleh ee eit Bee eee 
semrlavers;. +) 4k 51S S LS ai |i Pega a ons Va atee ge noes 


1SprEm, John. MILK RECORDS. /n Trans. Highland and Agr. Soc. Scotland, s. 5, v. 16, p. 170-229, fig. 
18-20. 1904. 
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Taste G.—Summary of results from a study of the correlation between the percentage of 
fat and yield of milk for grade Holstein-Friesians 


. [Fat in percentage; milk in pounds] 
Num- | Coefficient J 
Age. ber of P4o3 of Mean. Steudard _ of Correlation. 
animals. : ‘ variability. 


5,776-5 113-4 1,465-5 + 80.2 25-37+1- 48 | 

3-688 0.028 0-361 0.020] 9.80+0.54 
“|, 6, 72705.) A IL2.r I1,559-0 + 79-3 23-17+1.24 
ae 3-568 0.025 0-344+ 0.018 | 9.64+0.49 
.| 77305-0 2214.8 2,039-5 xtI51-9 27-9242. 23 
2b 3-581 0.041 0-39I1t 0.029 | 10.92+0.82 
-| 7441-0 104.1 1,799.0 + 73-6 24-18+1.05 
3-546 0.025 0O-440+ 0-018 | 12.39+0.-51 


—o. 211+0.074 


—0. 345+0. 063 


}-c. 1550-103 


}-o. 212+0.058 


TasLe H.—Summary of results from a study of the correlation between the percentage of 
fat and yield of milk for cows unclassified as to breed 


[Fat in percentage; milk in pounds] 


Standard Coefficient 


| 
7 | Typeof | 2 
Age ber of | Mean. eae of Correlation. 
animals,| ‘est | Boyes variability. 
Malic. 3)... 5,824.6 +28.5 1,888.2 -+20.1 32-42+0.38 \- 
Allages....... Br 008 --\Fat. io sccs \* i 3-902+ 0.009 a8 575+ 0-006 | 14.75+0.16 O- 3590. 013 
| 


There is a very significant negative correlation between the yield and 
percentage of fat for all three classes of cows represented by the three 
foregoing tables (Tables F-H). 


CONCLUSIONS 


(1) A significant negative correlation exists between the percentage 
of fat in cows’ milk and the yield for the Jerseys, Guernseys, Holstein- 
Friesians, grade Jerseys, grade Holstein-Friesians, and cows unclassified 
as to breed. The correlation for Ayrshires is not significant in the sub- 
groups classed in respect to age, but it is significant when these groups 
are treated asa whole. (See Tables XXI and F, G, H.) 

(2) The yield of milk increases with age. However, since all cows 5 
years of age and over are classed together, it may well be that the yield 
decreases at some period beyond 5 years. Pearl and Patterson! showed 
that in Jersey cows using the 7-day records that the maximum produc- 
tion is reached between the eighth and ninth year. Crowther? from 
records of Ayrshires is of the opinion that maximum production is close 
to the eighth year. (See Table XXI and fig. 1.) 

(3) In the Jerseys, Guernseys, and Holstein-Friesians the percentage 
of fat remains fairly constant for the different ages studied. However, 


1 Peart, Raymond, and Patrerson, S. W. THE CHANGE OF MILK FLOW WITH AGE, AS DETERMINED 
FROM THE SEVEN-DAY RECORDS OF JERSEY COWS. Maine Agr. Exp. Sta. Bul. 262, p. 145-152, fig. 7. 1917. 

2 CrowTHER, Charles. VARIATION IN THE COMPOSITION OF COW’S MILK. In Jour. Agr. Sci., v. 1, pt. 2, 
B. 149-175. 1905. 
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the group 5 years of age and over in the Jerseys and Guernseys shows a 
slightly lower percentage of fat than the younger groups. In the case 
of the Ayrshires, there is a gradual decrease with age. Between the 
youngest and oldest groups there is a difference of 0.151 per cent. (See 
Table XXI and fig. 2.) 

(4) When judged by the standard deviation, age has no influence on 
the variability of the percentage of butter fat. But the class 5 years of 
age and over is more variable in the yield of milk than the younger 
groups. This may occur because of the inclusion in this group of old 
cows whose milk yield has decreased. (See Table XXI.) 

(5) The breed has an influence on the variability of milk yield and 
percentage of fat, using the standard deviation as a basis of comparison. 
For variability in yield the breeds stand in the following order in an 
ascending scale: Jersey, Ayrshire, and Guernsey practically the same, 
Holstein-Friesian. For percentage of fat, the order is: Holstein-Friesian 
and Ayrshire about the same, Guernsey, Jersey. (See Table XXI.) 

(6) For the production of milk the breeds stand as follows (see Table 
XXI.) 


Pounds. 
Ho leteisi=BEtesianl vs-arderrsrecetsts- ave) oaverscee seo iatere nen nro Or 14, 443.1 
U Ap glo YE Hane BR a inne EINES COI CoE seipke eoe G tad din CO CCE AA Sy 0; Ayre 
GILEETISEY. 5). eyo reteass nies Botan arete oe Ts.0 sh cherthelole hclerechsleceersyayelstvte soletenets 8, 644. 4 
PERSE VAAL fete ietoine ota a do teats Mihara hake) semeterenen Stove otorse etn acters latatate 7,491.4 


(7) The average percentages of fat for the different breeds are as 
follows (see Table X XI.) 


Pounds. 
SPONSE Oe tite ore Bice ph sha hs aah pte dale Canine aa tances aN aah Te atic, ince ee heer 5. 392 
GUIEKHSEY. oi aco ot ee toe Te oie beta ete eerer eee «lt eRe Cer oe Cnr aee 5. 033 
Jig 6) oUt ea RRP 05 ci nd ARS SOIR IAA SA cor Opie toi au oa 66 3- 933 


Holstein-Priésians...t¢c2ceh trav tiiaadeclee- ah sis al. ce halved eines 3-435 
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TaBLE XI.—Correlation between the percentage of fat in cow’s milk and the yield—Reg- 
istered Holstein-Friesians 2 to 3 years of age 


Yield of milk, in pounds 
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TaBLe XII.—Correlation between the percentage of fat in cow’s milk and the yield—Reg- 
istered Holstein-Friesians 3 to 4 years of age 


Percentage of fat 
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TaBLE XIII.—Correlation between the percentage of fat in cow’s milk and the yield— 
Registered Holstein-Friesians 4 to 5 years of age 


Percentage of fat 
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TaBLeE XIV.—Correlation between the percentage of fat in cow’s milk and the yield— 
Registered Holstein-Friesians 5 years and over 


Yield of milk, in pounds 
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TaBLE XV.—Correlation between the percentage of fat in cow’s milk and the yield— 
Registered Holstein-Friesians, all ages 


Percentage of fat 
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TABLE XVII.—Correlation between the percentage of fat in cow’s milk and the yield— 
“Registered Ayrshires 3 to 4 years of age 


Vield of milk, in pounds 


Percentage of fat 
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TaBLe XVIII.—Correlation between the percentage of fat in cow’s milk and the yield— 
Registered Ayrshires 4 to 5 years of age 


Vield of milk, in pounds 


Percentage of fat 
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TasLe XIX.—Correlation between the percentage of fat in cow’s milk and the yield— 
Registered Ayrshires 5 years and over - 


Percentage of fat 
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